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Description 

[0001] The present invention relates to a process for 
optimizing the growth of fish reared in a pond. 
[0002] In aquacultural farming, oxygen, feed and 
water are three essential factors. Furthermore, the 
availability of oxygen directly influences the perform- 
ances of the fish farming. To cover the basic physiologi- 
cal requirements of the fish (maintenance, movement 
and the like) but also to provide for the growth of this 
fish, the latter uses the energy obtained by the oxidation 
of the feeds, by virtue of the oxygen dissolved in the 
water. This concentration of oxygen dissolved in the 
water varies according to various parameters and it is 
important to remain above the critical oxygen concen- 
tration threshold at the limit of which the fish has a 
reduced metabolic activity and exhibits respiratory 
insufficiencies. Below this threshold, the lethal thresh- 
old, that is to say the death of the fish, is rapidly 
reached. 

[0003] Whereas a liter of air contains about 300 mg of 
oxygen, a liter of fresh water at saturation contains 
about 30 times less, that is to say about 10 mg. This 
concentration varies according to the source of the 
water (sea water, fresh water, stagnant water, under- 
ground water, river water and the like), the temperature 
of the water (an increase in temperature reduces the 
concentration of dissolved oxygen at saturation), and 
the presence of organisms in this water (algae or plants, 
which produce or which consume oxygen). To these dif- 
ferent factors, there shouJd be added the density of the 
fish in water,, knowing that in intensive farming, the den- 
sity of fish is high and that the latter therefore rapidly 
depletes the resources of the medium. 
[0004] The document US-A-4 81 9 581 has proposed 
to introduce an oxidising agent such as a potassium 
permanganate into the pond, increasing this way the 
concentration of dissolved oxygen in the water at a 
desired level, and maintaining that concentration for a 
period in which increased feeding activity is desired. 
The invention described in this document is to be con- 
nected with private fish farming (for private fisher men), 
with the objective to find a proper balance between the 
fisher men efficiency and the profitability of the business 
(that is to say that fishes are not caught by fisher men at 
an excessively high rate). For this purpose, potassium 
permanganate in replacement of oxygen has been 
found cost effective. 

[0005] In order to illustrate the state of the art of the 
use of oxygen in aquaculture, one could also consult the 
document WO 94702 006, dealing with a process for the 
automatic control and regulation of an oxygen concen- 
tration inside a fish pond. 

[0006] The invention makes it possible to solve the 
disadvantages mentioned above. With this aim in view, 
in the process according to the invention, oxygen is 
injected into the pond for fish farming in a controlled 
quantity according to different successive cycles, 



whereby the injected oxygen is increased before the 
beginning of a fish meal. 

[0007] Preferably, more oxygen will be injected during 
the day than at night. 

5 [0008] According to a preferred embodiment of the 
invention, more oxygen will be injected during the meals 
than during the rest of the day. 
[0009] Indeed, it has been observed that the oxygen 
consumption by the fish varied according to the times of 

10 the day or night but also varied depending on whether 
the fish was having a meal or otherwise, in a character- 
istic manner, it is observed that there is observed an 
oxygen consumption of about 150 g per ton of fish and 
per hour at night, about 200 g per ton of fish and per 

15 hour during the day, and about 450 g per ton of fish and 
per hour during meals. Thus, during the meals, the oxy- 
gen consumption by the fish more than doubles com- 
pared with its normal consumption during the day, it 
being possible for this to be explained especially by the 

20 very high agitation of the fish as soon as the process 
linked to the fish's meal is triggered. Traditionally, the 
consumption of oxygen by fish is compensated for by 
the charges with the surrounding air. 
[001 0] In order to be able to better respond to this var- 

25 iable oxygen requirement by fish in aquaculture ponds, 
the invention consists in injecting oxygen according to 
certain predetermined cycles by various means 
described below into the water and maintaining or gen- 
erating a quantity of dissolved oxygen in this water 

30 which is sufficient to meet the needs of said fish. 
According to the invention, oxygen is injected into the 
pond water, preferably upstream thereof, so as to main- 
tain an oxygen concentration in the water entering into 
the pond preferably of between 10 mg and 25 mg of dis- 

35 solved oxygen per liter of water. Preferably, the injection 
of. oxygen into the water is made in a sufficient quantity 
to maintain more than 5 mg of dissolved oxygen at the 
outlet of the pond and preferably from 5 to 7 mg of dis- 
solved oxygen. 

40 [001 1 ] A first means of injecting oxygen into the water 
consists in using a device well known per se, called 
bicone, whose geometry makes it possible to maintain 
an equilibrium between the ascending speed of the oxy- 
gen bubbles and the descending hydraulic flow. The 

45 principle of transfer of this bicone allows high dissolu- 
tion yields greater than or equal to 90%. This bicone 
system is immersed in the water and the oxygen 
injected through the cones. 

[0012] A second well-known means for injecting oxy- 
50 gen into water consists in using oxygenators such as 
those known for example under the trade name AQUAVI 
(registered trade mark), a system which makes it possi- 
ble to obtain about 500% oxygen saturation, and which 
operates at a pressure of the order of 1 .2 to 1 .5 bar. 
55 [0013] Other known means for injecting oxygen into 
water also exist, such as the jet platforms, the oxygen 
diffusers placed at the bottom of the ponds, and the like. 
[0014] Moreover, the aquacultural productivity is 
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closely linked to the hydrobiological quality of the 
medium, defined by its physical, chemical and biological 
parameters. Thus, according to a preferred variant 
embodiment of the invention, ozone created on site by 
means of anozonizer, well known per se, is also dis- 5 
solved in the water. Oxygen is injected through the ozo- 
nizer, with about 3 to 15% of the oxygen being 
converted to ozone, the remainder of the oxygen 
injected with the ozone into the water being used as 
described above. The ozone injected into the water 10 
reacts with the organic matter so as to oxidize it rapidly. 
The contact time is thus limited to a few minutes and 
allows the elimination of the viruses and the bacteria 
present, in the water. The quantity 'of ozone to be 
injected into the pond may vary according to the degree 75 
of contamination of said pond and is generally between 
about 0.5 and 2 g per cubic meter of water. It is thus 
possible to treat all the storage fishponds, to disinfect 
the water in hatcheries, to purify shellfish, and the like. 
[0015] Preferably, an oxygen injection will be used 20 
which comprises a system for regulating the injection of 
this oxygen which thereby makes it possible to antici- 
pate and/or compensate for the oxygen shortages 
which exist before or during the fish meals and to pref- 
erably maintain the quantities of dissolved oxygen in the 2s 
water.at values as described above. Thus, if an exces- 
sively low oxygen threshold is detected before the 
expected time of the fish meals, it will be possible to 
start a more substantial injection of oxygen before said 
fish start feeding. It is also possible to inject, by means so 
of this regulation, quantities of oxygen which are not 
always the same during different meals, in particular 
when the quantity of feedingstuff given during these 
- meals is different depending on the meal. Thus, a 
higher quantity of oxygen is injected just before, and 35 
optionally during or after the first meal of the day, or on 
the contrary slightly less oxygen may be injected during 
or just after the last meal of the day/Thus, by adapting 
the oxygen supplies as a function of the mealtimes and 
as a function of the meals themselves, a reduction in the ao 
conversion ratio and a better sanitary state are obtained 
for the fish population. Preferably, the flow rate of oxy- 
gen in the pond will be increased at most 2 hours before 
the start of the fish meal, more preferably of each fish 
meal. In general, this increase will be preferably started as 
half an hour to 1 hour before the meal or each meal 
This high flow rate will be maintained during the meal(s) 
and optionally after the meals, in general not more than 
1 hour after the start of each meal. This increase in 
injected oxygen may also take place when the tempera- so 
ture of th6 water exceeds a predetermined value, which 
is variable according to the type of fish. In general, the 
increase in oxygen flow rate before the meals, during 
and after, will be preferably at least 20% by volume. 
[001 6] In order to regulate the oxygen in the pond, it is ss 
possible to use a regulation linked to a plurality of s n- 
sors such as dissolved oxygen sensors which make it 
possible to provide the choice and the maintenance of 



oxygen concentrations at the inlet and/or at the outlet of 
the pond and/or optionally at other sites of the pond and 
to thus vary the oxygen concentration and to vary the 
quantity of oxygen injected according to its point of 
injection, in particular within the limits described above. 
For the use of target points set by the user and which 
may vary according to the time of the day or according 
to the days or according to the size or the growth of the 
fish, said regulation makes it possible to comply with the 
expected oxygen injection for an expected dissolved 
oxygen concentration. In addition, on farms having a 
plurality of ponds, said ponds can thus be managed 
independently. 

[001 7] A system of regulation also allows the remote 
transmission of an alarm (for example, very close to the 
lethal dissolved oxygen concentration threshold in a 
pond), the consultation and the modification of data 
from a distance using a modem and telephone trans- 
mission of this information which may thus be visualized 
on a screen at a distance. It is also possible, by virtue of 
this control and regulating system, to acquire data such 
as quantity of oxygen injected, frequency of the meals, 
variations of the quantities injected, and the like, and to 
thereby obtain the graphical monitoring of the variations 
of the different parameters on a computer screen. As a 
general rule, the information collected the day before 
will be used to program the target values of the oxygen 
flow rates for the following days as a function of the time 
and it will be checked, by measurement of dissolved 
oxygen at the outlet of the ponds, for example, that the 
injected quantities are adequate. 
[0018] The oxygen necessary for carrying out the 
process according to the invention may be either pro- 
duced on site when the breeder's requirements are 
such that they justify the installation of a small factory on 
site, such as a factory using adsorption techniques 
(VSA and PSA, that is to say Vacuum Switch Adsorption 
and Pressure Swing Adsorption, respectively), this on- - 
site factory producing a gas containing more than about 
90% by vol. Of oxygen. Preferably, the oxygen is how- 
ever stored on site in a reservoir in the form of liquid 
oxygen and is generally delivered by tanker to the 
breeder's site. 

[001 9] The regulating system provided for in the proc- 
ess according to the invention also allows, by virtue of a 
link such as a telephone link at a distance via modems, 
monitoring of the gas level in the liquid oxygen storage 
reservoir(s) t a probe triggering an alarm signal when 
the liquid level goes below the chosen target level, 
which automatically triggers a signal, sent over the 
transmission line, for example a telephone line, to a ■ 
central unit for managing the oxygen supply, for exam- 
ple, an oxygen production plant, so as to trigger a deliv- 
ery order via a truck within the shortest possible time. 
This control system also allows a real-time consultation 
of the parameters relating to the gas installation on the 
breeder's site such as gas flow rate, pressure in the res- 
ervoir distribution network until the time of use, and the 
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like. 

[0020] According to another variant embodiment of 
the invention, the oxygen injected into the ponds is also 
used for the degradation of organic and nitrogenous 
wastes, as well as for the degradation of feeds not con- 
sumed by the fish. By way of nonlimiting example, for 
fish of the Salmonidae type, it is necessary to use about 
200 to 220 g of oxygen to allow the assimilation of about 
1 kg of feed by the fish, and it is necessary to provide 
about 1 kg of oxygen, or even more, to degrade, by oxi- 
dation, one kilo of unconsumed feed. 

Claims 

1 . A process for optimizing the growth of fish reared in 
a pond, in which oxygen is injected into the pond in 
a controlled quantity according to different cycles, 
characterized in increasing the injected oxygen 
before the beginning of a fish meal. 

2. The process as claimed in claim 1 , wherein the oxy- 
gen injection is increased at most 2 hours before 
the beginning of a fish meal. 

3. The process as claimed in claim 1 or 2, wherein the 
oxygen injection is increased half an hour to one 
hour before the beginning of a fish meal. 

4. The process as claimed in one of claims 1 to 3, 
wherein this increase in oxygen is maintained until 
the fish receive their meal. 

5. The process as claimed in one of claims 1 to 4, 
wherein this increase in oxygen is maintained dur- 
ing the fish meal and optionally after the end 
thereof. 

6. The process as claimed in one of claims 1 to 5, 
wherein more oxygen is injected during the day 
than at night 

7. The process as claimed in one of claims 1 to 6, 
wherein ozone is also injected into the pond. 



in a storage in liquid form, and then injected into the 
pond from the liquid storage. 

11. The process as claimed in one of claims 1 to 10, 
s wherein the oxygen is injected upstream of the 
pond, in the water therein, so as to have a dissolved 
oxygen concentration per liter of water entering into 
the pond preferably of between 10 mg and 25 mg. 

10 12. The process as claimed in one of claims 1 to 11, 
wherein the injection of oxygen into the water is 
made in a sufficient quantity to maintain more than 
about 5 mg of dissolved oxygen in the water at the 
outlet of the pond and preferably between 5 and 7 

is mg of dissolved oxygen. 

Patentanspruche 

1 . Verfahren zur Optimisierung des Wachstums von in 
20 einem Teich gezOchteten Fischen, bei dem ertt- 

sprechend unterschiediichen ZyWen eine 
bestimmte Menge Sauerstoff in den Teich eingebla- 
sen wird, dadurch gekennzeichnet, daB man den 
eingeblasenen Sauerstoff vor dem Beginn einer 
25 Fischf Qtterung erhSht 

2. Verfahren nach Anspruch 1 , wobei die Sauerstoffe- 
inbiasung maximal 2 Stunden vor dem Beginn einer 
Fischf Qtterung erhOht wird. 

30 

3. Verfahren nach Anspruch 1 oder 2, wobei die Sau- 
erstoffeinblasung eine halbe Stunde bis eine 
Stunde vor dem Beginn einer RschfOtterung erhOht 
wird. 

35 

4. Verfahren nach einem der AnsprOche 1 bis 3, wobei 
diese SauerstofferhBhung aufrechterhalten wird, 
bis die Rsche gefOttert werden. 

40 5. Verfahren nach einem der AnsprOche 1 bis 4, wobei 
diese SauerstofferhOhung wahrend der RschfOtte- 
rung und gewGnschtenfalls nach deren Ende beibe- 
halten wird. 



45 6. Verfahren nach einem der AnsprOche 1 bis 5, wobei 
tagsOber mehr Sauerstoff als wahrend der Nacht 
angeboten wird. 



8. The process as claimed in claim 7, wherein the 
ozone and the oxygen are produced from the same 
source of oxygen, from 3 to 15% oxygen being con- 
verted to ozone before injecting the oxygen and 
ozone combination into the pond. 

9. The process as claimed in one of claims 1 to 8, 
wherein the oxygen used for the injection into the 
basin is produced on site by means of an adsorp- 
tion unit which produces oxygen comprising at least 
90% oxygen from the ambient air. 

10. The process as claimed in one of claims 1 to 8, 
wherein the oxygen is delivered on site and stored 



7. Verfahren nach einem der AnsprOche 1 bis 6, wobei 
so auBerdem Ozon in den Teich eingeblasen wird. 

8. Verfahren nach Anspruch 7, wobei das Ozon und 
der Sauerstoff aus der gieichen Sauerstoffquelle 
stammen, wobei 3 bis 15% Sauerstoff vor dem Ein- 

55 blasen der Sauerstoff-Ozon-Kombination in den 
Teich in Ozon umgewandelt werden. 

9. Verfahren nach einem der AnsprOche 1 bis 8, wobei 
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der fur das Bnblasen in das Becken verwendete 
Sauerstoff vor Ort mittels einer Adsorptionseinheit, 
die Sauerstoff, der mindestens zu 90% aus Sauer- 
stoff aus der Umgebungsluft besteht, produziert, 
produziert wird. s 

1 0. Verfahren nach einem der Anspruche 1 bis 8, wobei 
der Sauerstoff vor Ort geiiefert wird, in flussiger 
Form in einem Speicher gespeichert wird und dann 
aus dem Flussigspeicher in den Teich eingebiasen io 
wird. 

11. Verfahren nach einem der Anspruche 1 bis 10, 
wobei der Sauerstoff stromaufwdrts des Teichs in 
das Wasser eingebiasen wird, urn beim Eintrttt in is 
den Teich zu einer Konzentration von vorzugsweise 
zwischen 10 mg und 25 mg geiGsten Sauerstoff pro 
Liter Wasser zu geiangen. 

12. Verfahren nach einem der AnsprOche 1 bis 11, 20 
wobei genug Sauerstoff in das Wasser eingebiasen 
wird, urn einen Gehait von Ober etwa 5 mg gelfisten 
Sauerstoff, vorzugsweise zwischen 5 und 7 mg 
gelGsten Sauerstoff, im Wasser am TeichausfluB 
aufrechtzuerhalten. 25 

Revendications 

1 . Proc6d<§ pour bptimiser ia croissance des poissons 
Sieves dans un bassin, caracferise en ce que Con 30 
injecte de PoxygSne dans !e bassin en quantity con- 
trQtee selon difterents cycles, et en ce que I'on aug- 
mente I'oxyg&ne injecte avant le dSbut d'un repas 
des poissons. 

35 

2. Proc&te selon la revendication 1 , caracteris6 en ce 
que I'injection d'oxygene est augmentee au moins 
deux heures avant ie d§but d'un repas des pois- 
sons. 

40 

3. Proceele selon la revendication 1 ou 2, caracterisS 
en ce que Pinjection d'oxyg&ne est augmentee une 
demi-heure k une heure avant le d&but d'un repas 
des poissons. 

45 ■ 

4. Proc&ie selon Tune des revendications 1 k 3, 
caracferisS en ce que cette augmentation en oxy- 
gene est maintenue jusqu'& ce que les poissons 
re$oivent leur repas. 

50 . 

5. Proc&te selon Tune des revendications 1 k 4, 
caracterise" en ce que cette augmentation en oxy- 
gene est maintenue pendant le repas des poissons 
et Sventuellement apres la fin de celui-ci. 

55 

6. Proc6d6 selon Tune des revendications 1 k 5, 
caracterise' en ce que Ton injecte plus d'oxygene 
pendant le jour que pendant la nuit. 



7. Proc6d6 selon Tune des revendications 1 & 6, 
caracterise en ce que Ton injecte egalement de 
rozone dans le bassin. 

8. Proc&te selon la revendication 7, caracterise en ce 
que Tozone et Poxygene sont produrts k partir de la 
meme source d'oxygene, de 3 k 15% d'oxygene 
6tant transform^ en ozone avant I'injection de 
{'ensemble oxygene et ozone dans le bassin. 

9. Proc&fe selon Tune des revendications .1 & 8, 
caracterise en ce que I'oxyg&ne utilise pour I'injec- 
tion dans le bassin est realist sur place grace k une 
unit§ d'adsorption qui produit de I'oxygdne compor- 
tant au moins 90% d'oxygene k partir de I'air 
ambiant. 

10. Proc6d6 selon Tune des revendications 1 k 8, 
caracterise en ce que Poxygene est delivre sur 
place et stocke dans un stockage sous forme 
liquide, puis injects dans le bassin a partir du stoc- 
kage liquide. 

11. Proc&Je selon Tune des revendications 1 k 10, 
caracterise en ce que Ton injecte Poxygene en 
amont du bassin, dans Peau de celui-ci, de maniere 
k avoir une concentration en oxygene dissous par 
litre d'eau entrant dans le bassin de preference 
entre10mget25 mg. 

12. Precede selon Tune des revendications 1 & 11, 
caracterise en ce que I'injection d'oxygene dans 
I'eau se fait en quantite suffisante pour maintenir 
plus d'environ 5 mg d'oxygene dissous dans Peau 
en sortie de bassin et de preference entre 5 et 7 mg 
d'oxygene dissous. 
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